The coordination chemistry of amide-substituted calixarenes is reviewed. The synthesis of a gadolinium complex of a tris-amide calix[4]arene is described, involving the reaction of 5,11,17,23-tetra-tert-butyl-24-hydroxy-26,27,28-tris(diethylcarbamoylmethoxy) 
Introduction
Amongst the wealth of functionalised calixarenes [1, 2] under investigation as selective receptors, the relatively simple derivatives produced by alkylation of the lower (phenolic) rim with O-donor functional groups continue to attract attention as useful ionophores [3] . In particular, amide moieties have been found to induce effective metal ion complexation, with structurally characterised examples available for alkali and alkaline earth metal ion complexes [4] [5] [6] [7] [8] [9] [10] [11] [12] , as well as lanthanide [13] [14] [15] [16] and transition metal [15, [17] [18] [19] complexes. The majority of these structures involve a tetra-or bis-amide calix [4] arene in the cone conformer, most commonly with the diethyl amide substituent (1 and 2 respectively).
The coordination chemistry of the tetraamide calix [4] arene 1, is relatively well established, with larger metal cations interacting with the four amide and four ether oxygen atoms, to give an 8-coordinate geometry that is typically closer to a square antiprism than a cubic geometry. The potassium complex exhibits similar K-O bond lengths for the amide and ether oxygens (2.74 and 2.70 Å respectively) [4] . Smaller cations are found situated closer to the amide oxygens, as illustrated by the equivalent bond lengths in the sodium complex (2.46 and 2.54 Å) [4] . In the copper(II) complex of 1, the bond length difference is such that the copper atom is situated only 0.44 Å from the least squares plane defined by the amide O atoms, with a mean bond length of 1.91 Å, and a presumably weak or negligible interaction with ether O atoms (mean distance 2.86 Å) [18] . The copper(II) complex of the pyrrolidinyl amide equivalent of 1 exhibits a similar metal-ligand interaction [17] . In addition to those mentioned above, complexes of this nature have been structurally characterised for Sr 2+ [12] with the fourth ether O atom positioned 2.77 Å from the Ni atom; the fourth amide moiety is oriented away from the cation so that the Ni…O distance is 4.37 Å. The resulting capped 3 octahedral geometry provides some indication that this ligand is more flexible than an analysis of the majority of known structures might suggest [18] .
Substitution of the lower calixarene rim with a group of sufficient bulk is well known to lock the conformation of the calixarene [2] , so that different conformers of 1 can be accessible; these include the partial cone (paco-1), and the 1,3-alternate (1,3-alt-1) and 1,2-alternate conformations. A search of the Cambridge Structural Database revealed only two examples of metal complexes of these conformers. One is the 2:1 potassium complex of 1,3-alt-1, where the metal cations lie in the cavities defined by the four O atoms and 2 phenyl rings at each end of the tube-like conformation [5] . The second is the lanthanum(III) complex of paco-1, where the metal ion interacts directly with only two amide O atoms of the calixarene, the remainder of the coordination sphere comprising of three picrate anions, and two water molecules [14] . Further development of the coordination chemistry of tetraamide calix [4] arenes in conformations other than the cone will be required to make any detailed comparison of the coordination chemistry of the different conformers.
Complexes of the bisamide calixarene 2 have been structurally characterised for potassium, iron(III), and a number of lanthanide cations. The unsubstituted phenol moieties in 2 can be deprotonated so that complexes of the singly (2-H) and doubly deprotonated (2-2H) ligand may be isolated, in addition to the neutral ligand adducts. These phenyl rings are also conformationally mobile, so that complexes of the cone, 1,3-alternate or partial cone conformers are accessible. A complex of 2-2H has been characterised with Fe has been structurally characterised [16] . The metal atom is nine-coordinate, bound to the two amide O atoms, one of the (protonated) phenol O atoms, and three bidentate picrate anions.
Once again, the calixarene assumes the cone conformation. It is interesting to note that recrystallisation of these compounds from dichloromethane/methanol results in recovery of the starting material for Ln = Pr and Eu, but a new 10-coordinate complex for Ln = La and Ce. The charge distribution in this complex is uncertain, but is probably best described as [Ln(2-2H)(MeOH) 2 (pic)], with the ligand in the cone conformation [16] .
To our knowledge, the only example of a metal complex of 2 with a conformation other than the cone, is the complex [K2]I 3 . Here the calixarene assumes the 1,3-alternate conformation in the solid-state, with the metal atom situated in the cavity defined by the four O atoms of the amide substituted phenyl rings and the two phenyl rings (as found in the dipotassium complex of 1,3-alt-1) [5] . 5 NMR spectroscopy indicates that the complex reverts to the cone conformation in solution. It is noteworthy that the potassium complex of the analogous p-phenylazocalix [4] arene bisamide assumes the cone conformation in the crystal, although here it appears that the ligand must be a monoanion [9] . The sodium complex of the methylated derivative, 2a, also exhibits the cone conformation [6] .
An important aspect of calixarene chemistry is the availability of various macrocycle ring sizes. Analogous systems to those discussed above for the larger calixarenes are very poorly represented in terms of structural data; to our knowledge the only examples are the 1:1 Sr 2+ complex of the p-t-butylcalix [6] arene hexaamide, and two 2:1 Sr 2+ complexes of the pmethoxy and p-t-butylcalix [8] arene octaamides [10] . Beyond the scope of the discussion here are related calixarene derivatives, such as thioamide-based ligands [17] , and calixarenes functionalised with mixed donor groups [20] [21] [22] ; it is noted that such systems are important in modifying the affinity of calixarenes for different cations.
Of particular relevance to the results presented in this paper are metal complexes of tris-substituted calix [4] arenes. A search of the Cambridge Structural Database for any trissubstituted calix [4] arene suggests that the only structurally characterised metal complex of such a ligand is the Fe 3+ complex of L [19] . As part of our program to extend the structural chemistry of these calixarene derivatives, we describe below a lanthanide complex of L, and draw comparisons with the previously published iron(III) complex.
Experimental

Synthesis
5,11,17,23-Tetra-tert-butyl-24-hydroxy-26,27,28-tris(diethylcarbamoylmethoxy)calix [4] arene [19] and gadolinium picrate dodecahydrate [23] were synthesised by literature methods. 
Structure determination
A full sphere of CCD area-detector diffractometer data was measured (Bruker AXS instrument; ω-scans, 2θ max = 58°; monochromatic Mo Kα radiation, λ = 0.7107 3 The cation forms an interesting contrast with its iron(III) counterpart [19] , the latter devoid of the picrate; both species are shown in Fig. 1 Table I concerning this atom; the chelate rings are now more decisively non-planar, with similar chiralities (Table II) . In consequence of this perturbation, the picrate may approach in quasi-bidentate rather than unidentate mode. Whether a consequence of differences in repulsion parameters, or, more likely, the acidity of the metal, considerable differences are found in the relative strengths of binding of the two types of chelate oxygen donor for the two metals, the amide O(n02) more tightly bound in the iron(III) complex.
Crystal/refinement data
It is notable that the cavity defined by the phenyl rings in the Gd complex contains an ethanol molecule, whereas the cavity is unoccupied in the Fe complex. The conformation of the Fe complex is more "pinched" with rings 1 and 3 closer to parallel (C 6 dihedral angles, Fe, 39.76(8); Gd, 46.4(1)˚), and thus offers less space for a solvent molecule. It is tempting to suggest that metal ion binding might therefore be used to 'tune' the calixarene cavity as a receptor for organic guests, but further investigation will be required to determine if metal ion 9 coordination is the dominant causative factor for conformational changes in these particular systems. Fig 1(a) Fig 1(b) 
